Urea synthesis and CO2/HCO3- compartmentation in isolated perfused rat liver.
With physiological portal HCO3- and CO2 concentrations of 25mM and 1.2mM in the perfusate, respectively, acetazolamide inhibited urea synthesis from NH4Cl in isolated perfused rat liver by 50-60%, whereas urea synthesis from glutamine was inhibited by only 10-15%. A decreased sensitivity of urea synthesis from glutamine to acetazolamide inhibition was also observed when the extracellular HCO3- and CO2 concentrations were varied from 0-50mM and 0-2.4mM, respectively. Stimulation of intramitochondrial CO2 formation at pyruvate dehydrogenase with high pyruvate concentrations (7mM) was without effect on the acetazolamide sensitivity of urea synthesis from NH4Cl. Urea synthesis was studied under conditions of a limiting HCO3- supply for carbamoyl-phosphate synthesis. In the absence of externally added HCO3- or CO2, when 14CO2 was provided intracellularly by [U-14C]glutamine or [1-14C]-glutamine oxidation, acetazolamide had almost no effect on label incorporation into urea, whereas label incorporation from an added tracer H14CO3- dose was inhibited by about 70%. 14CO2 production from [U-14C]glutamine was about twice as high as from [1-14C]glutamine, indicating that about 50% of the CO2 produced from glutamine is formed at 2-oxoglutarate dehydrogenase. The fractional incorporation of 14CO2 into urea was about 13% with [1-14C]-as well as with [U-14C]glutamine. Addition of small concentrations of HCO3- (1.2mM) to the perfusate increased urea synthesis from glutamine by about 70%. This stimulation of urea synthesis was fully abolished by acetazolamide. The carbonate-dehydratase inhibitor prevented the incorporation of added HCO3- into urea, whereas incorporation of CO2 derived from glutamine degradation was unaffected. Without HCO3- and CO2 in the perfusion medium, when 14CO2 was provided by [1-14C]-pyruvate oxidation, acetazolamide inhibited urea synthesis from NH4Cl as well as 14C incorporation into urea by about 50%. Therefore carbonate-dehydratase activity is required for the utilization of extracellular CO2 or pyruvate-dehydrogenase-derived CO2 for urea synthesis, but not for CO2 derived from glutamine oxidation. This is further evidence for a special role of glutamine as substrate for urea synthesis.